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An orpnometalUc compound suitable for use as a catalyst for the piepaiatiaD of an esto'corncrises the rcactioa pnxhict of an ofthoesier \ 
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reaction in tbe presence of the catalyst. In a fiinber embodiment tbe organometaOic compound soiobie for nse as a catalyst in an estnificatiaB ] 

process comprises the rtactico product of, in addizco, a 2-hydroxy caiboxytic acid. ; 
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ESTCRinCATlQM CATALYSTS 
The invention ccyicem s esterrfication cata ly sts and n particuiar 
esterSkatk3n catalysts which con^nse n(^ r 
organoaturntnun compouids. 
5 Organotftanium compomds and, in particular, titaniuii alccoddes or 

orthoesters are kncMvn as catalysts for esterific^on processes. Otnig the 
esterifica&on. these compounds are frequenfly converted to insdubte 
confounds of titanium which resiit in a hazy product The presence of a haze 
is a particuiar disadvantage in polyesters which have a high viscosity and/or high 
10 meltinc point and are therefore difficult to Ster. Funhermore, many 
organotitanrum compounds which are effective casacysts in the manifect ur e of 
polyesters such as polyethylene terephthaiate are known to produce 
un3cceptat}te yeiiowing in the finai polymer. CXz co^pemfing ^}piicat}on, 
pubfehed as G& 2 314 081 relates to an esterificam process in mch these 
15 prot}iems are partially solved txit there is stIB a need for a catalyst which induces 
little or no yeitowtng in a polyester produced using the catalyst 

It is an obfect of the present invention to provide an improvec catalyst for 
a process for preparing esters. . 

Accorcfing to thte invention, on org£ff)om^aic compound suitable for use 
20 as a catalyst for the preparation of an ester comprises the reaction product of an 
orthoester or condensed orthoester of titoilum. ziroonium or aluminium, an 
alcohol containing at least tm> hydroxyl grauDS. an organophosphorus 
compound containing at least one P-OH group and a ttase. 

Also according to the invention, a process for the ptepa a ti on of an ester 
25 comprises carrying out ai esterSic^ion reaction in the presence of a catalyst 
comprisffig the reaction product of sn orthoester or corxiensed ortoester of 
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titanium, ztrconium or ^imvmffn, an alcohol cbntainng at least two hydroxyt 
groups, an organophcsphorus compokind containing at least one P-OH group 
and a base. 

In a further errsodiment the orgaKynetafiic compound suitable for use 
5 as a catalyst in an esterificaten process comprises the reaction product of m\ 
orthoester or condensed orlhoester of titanium, zirconium or aiunwiium, an 
doohol containing ^ least two hydroxyl groups, an organophosphorus 
compouTKl contaffilng at least one POH group, a base and a 2-hydroxy 
cartx»cyfic acid. 

10 The organomet^ic compound of the invention is the reaction product of 

a titanium, zirconium or aluminium orthoester or corxiensed orthoester, an 
^cohol containing a: least two hydruxyl groups, an organophosphorus 
compound ccuitaining at least one P-OH group and a base. Pref&abty. the 
orthoester has the fbrnuia MPR)^ or AI(CM^)j where M is titanium or zirconium 
15 and R is an ^kyl group. More preferably R contains 1 to 6 caibm atoms and 
p^ticutarly suitable orf^oesters bdude tetraisopropoxy titanium, tetra-n-butoxy 
titanium, tetra-n-propoxy zirconium, tetra-n-fc)utoxy zirconium and 
tetra-iso-butoxy ^umirtajm. 

The condensed orthoesters suitable for preparing tiie compouxls of this 
20 invenfion are typically prepared by careful hydrolysis of titanium, zffcortium or 
aluminium <»1hoesters. Tdanitm or zirconium condensed orthoesters are 
frequently represented by the formula 

R'OfMCOR^lzOyR' 

in which R^ represents an alkyi group and M represents titaiium or zirooniiOT. 
25 Prelerabiy, n is less than 20 and more prefierabty is less than 10. Pr^erabiy, R^ 
contains 1 to 12 cartxxi atoms, more preferably. R' contains 1 to 6 carbon atoms 
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and useful coodenserl orthoesters ndude the compounds known as pofytxityf 
titanate. potytsopropyt titsnate and poiybutyi zirconate. 

Preferably, the aftcohoi conoming at te^ two hydraxyt groips is a 
dthydric alcohol and can be a I^kSoI such as l^-ethanediol or 1^-propaieciol. 

5 a 1.S-d'iol such as 1>propane(fiol a 1.4-diol such as t4-butanedlol, a did 
containing non-terminai hydrDxyl groups such as 2-methy(-2,4-pentane(fiQl or a 
dihydric alcohol containing a longer chain such as ctethylene glycoi or a 
potyethytene glycol. Preferred dtiydric atcohois are 1J2-ethanediol and 
diethylene glycol. The organometaic compound can also be prepared from a 

10 polyhydric aJcohd such as glycerol, trimethylolpropane or pentaerythritol. 

F^referably, the organometaTc compound useful as a catalyst ts prepared 
by reacting a dihydric akxshol with ^ orthoester or condensed crthoester ir\ a 
ratio of from 1 to 16 motes of (©lydric alcohol to each mote of titanium, 
ex ^uminium. More prefiaabty. the reaction product contains 2 to 12 moles of 

15 ddiydric alcohoi per mote of titanium, zirconiiffn or aluminium and most 
preferabiy 4 to 8 motes dJiydric aicohol per mote of tiianium, zirconium or 
aluminium. 

The organophcsphorus compound which contains at teast one P-OH- 
group C3n be selected from a number of org an o ph osphorus compoimds 
tnducfing phosphates, pyrophosphates, phosphonates, phosphinates and 
phosphites. 

Preferably, the organophosphorus conpound is a substituted or 
msubstxtuted ^kyt phosphate, a substftuted or iffisubstituted aryt phosphate or a 
phosphate of an aOcytaryl glycol ether or an aficyi glyooi ether. Prefierred 
25 compounds indude monoaBcyl add phosphates and dialkyt add phosphates and 
mixtures of these. ParticuSarly conventent organophosphonis compounds are the 
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ccxTpounds commerdaBy avaiaUe as aikyl acid phosphates and containing, 
prindpaiiy, a mixture of mono- aid dl-atkyi phosphate esiters. When an afl^l 
phosphate is used, the organic group preferat)ly contars lo) to 20 C£fft>on atoms, 
more preferably up to 8 carixm aloms aid, most preferably, to 6 cart)on 
5 atoms. When alkylaryl or aDcyl glycol ether phosphates are used the carbon 
ch^ length is preferabcy up to 18 cartxjn atcvns and, more preferd)ty, 6 to 12 
cat>on atoms. Partteiialy preferred organophosphorus compouids hckxle 
butyl add phosphate, polyethylene gfycol phosphates and aryl poty^hyiene 
glycol phosphates. 

10 The amount d organophosphorus compound preser^ in the reaction 

prodjd of the invention is usually n tre range 0.1 to 4.0 mole of phosphorus to 
1 wcte of metal (titankim, zirconium or alurrwiium), pr^erably in the range 0.1 to 
2.0 mote phospiiorus to 1 mde metal and most preferably in the range 0.1 to 1.0 
mole phosphonjs to 1 mole metal. 

15 A base is also used in preparing the reaction product of the invention. 

The base is generally an inorganic base and suitable beses inducte socSum 
hydroxide, potassium hydroxide aid ammonium hydroxide, but organic bases 
sucn 35 tetrabutyl affrmonium hydroxide or choline hydroxide primethyl- 
(2-hycroxyethyi)anrtmormini hycfroxide] can also be used. Usually, the amount of 

20 hase used is in the range 0.1 to 4.0 mole base p& rrute of metal (tMankjm. 
zffconium or aluminium). The prefierrBd amount is 01 the range 0.1 to 2.0 mde 
base per mole of metal and, frequently, the amount of base present is n the 
range 0.1 to 1.0 mole base per nrK)ie of tOanium. zirconium or aluminium. 

When 2-hydn)xy cartx)xytic adds are used to prepare the products of the 

25 inverrtion, preferred adds used indude lactic ackj, dtric add. rmyic add and 
tartaric add. Some suitable adds are si^pSed as hydrates or as aqueous 
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mixtures and can be used in fdmn. When a 2-hydro3cy add is present, the 
prefenred moiar ratio of acid to tilankjm, zrconoffn or aluminium in the reaction 
product is 0.5 to 4 moles pa* mole of titanium, ziconium or akmmum. More 
preferabty the catalyst contains 10 to 3.5 moles of 2-hydroocy add per mde of 
5 titanium, zirconium or aiurankim. 

The organometafic compound can be prepared by wtang the 
components (orthoester or condensed orthoester, alcohol corrtatning at least two 
hydroxyl groups, organopho^orus compound and base) with removal, if 
desired, of sny by-product, (e.g. isoprc^yi alcohol when the orthoester is 
10 tetraisopropoxytitanlum). at any appropri^ stage. In one preferred method the 
orthoester or condensed orthoester and a diiydric alcohol are mixed 
subsequently, a base is added. foUcwed by the organophosphorus compound. 
When a 2-hyorDxy cstftxscyiic add ts also present in the reaction product, this is 
usu^ added to the orttx)ester or condensed orthoester before the 
15 organophosphorus compouid is added. Aitematively. all or part of the 2-hydraxy 
cart)oxyltc add can be neutralised with the base sxJ the resulting salt added to 
the other components of the reaction mixture, including, if desired, a further 
portion of the base. 

The esterification reaction of the process of ttie invention can be any 
20 reaction by which an ester is produced. The reaction may be (!) a direct 
es te rtfica tio n In which a carboxylic add or its ar^dride sid an alcohol react to 
fomi an ester or (ii) a transes te rrfica ti on (^cohdysis) m which a first alcohol 
reacts with a first ester to produce si ester of the first alcohd and a second 
alcohd produced by deavage of the first ester or (iii) a transesterification 
25 reaction in which two esters are reacted to form two (fifferent esters tyy exchar^ge 
of afiu3xy radicals. Dred esterification or trans est erifi cati on can be used in the 
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prockxrtbn of pdymeiic esters and a preferred process of th invention 
comprises a pcfyesterifkation process. Many cartxsxyfc ackis and anhydrides 
can be used in direct esterftcation inducfing saturated and unsaturated 
nx»nocartx>xyOc adds arxl anhydrides of such adds such as stearic add, 
5 isostaanc add, caphc add, caproic add, palmitic add, oleic add, paMoteic 
add, triacontanoic add, bemok: add. methyl benzdc add, saiicyftc add and 
rosin adds such as abietic add, dcarfooxyiic adds such as phttiaiic add, 
isophttialic add, terephthaiic add. sebadc add, adipic add, azelaic add, 
sucdnic acid, fumaric add, nnaieic add, nap htha l e ne dcartKSxyiic add and 
10 panxsic add and anhydrides of these adds and p olyc ar boxytic adds such as 
trimefii&c acid, citric add, triniesic ac^ pyromeMc add &n6 anhydrides of diese 
adds. Alcohols frequently used for direct esterfcation indude aiiphatic ssrsight 
chain and brarx:hed morxdhydhc alcohds such as t^nyi, pentyi, hexyi, octyt and 
stearyi atcohds, dihydric atcohois such as 1^-ethanedk>l, 1,3-prop3ne(Sd, 
15 1,4-but^ediot and 1,6-hexanedid and poiyhydric dcohois such as glycerd and 
pentaerythritd. A preferred process of the invention comprises reacang 
2-ethYt)exand with phth^ anhydride to fomi bis(2-ethy(hexyi)phthalate. 

The esters empioyed in an aicoholysis reactiOT generally the kwer 
homdogues such as methyl, ethyt and propyl esters srice, during the 
20 esteriftcation reaction, it Is usual to eliminate the displaced aicohd by distlafion. 
These tower homologw esters of the adds suttabie for direct esterification are 
suitat)ie for use in the transe stafca tion process accorcfing to the iivenfion. 
Frequentty (meth)aayiate es^ of longer ch»n alcohols are produced by 
alcohoiysis of esters such as methyl acrylate, methyi methacrylate, ethyl acrylate 
25 aid ethyl m^hacryiate. Typical alcohols used in alcohoiysts reactions indude 
butyl, hexyi, n-<x:tyl anti 2-ethyl hexyl alcohols and substituted alcohols such as 
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dirnelhyiarrBnoethanol . 

When the esterification reaction is a transestenfication between two 
esters, gener^ the esters wiO be selected so as to produce a volatile product 
ester which can be removed by dtstBlation. 
5 As mentioned twreinbefore, polymeric esters can be produced by 
processes invblving direct esterification or transestenfication and a particularly 
preferred embodinDent of the esterification process of the invention is a 
polyesterification reaction hi the preserK:e of the catalyst described hereir^jeA^ 
in a polyesterification reaction polybasic acUs or esters of polybask: adcfe are 

10 usuafiy reacted with polyhydhc alcohols to produce a polymeric ester. Ijiear 
polyesters are often produced from dft>asic adds such as those mentioned 
hereinbefore or esters of said dibasic adds and dtiydric alcohols. Pr^ered 
polyesterificatiOT reactions accordmg to the invention indude the reaction of 
terepWhaiic add or drmemyl terephthal^ with l^-ethanedid (ethylene glycol) 

15 to produce polyethylene terephth^ate or with 1,4-butanedid (butytene glycoQ to 
produce potybutylene terephthalate or reaction of naphthalene dicartxjxylic add 
with 1 j2-ethanediol to produce polyethylene naphthalenate. Other glycols such 
as 1.3-propanediol, 1 .6-hexanediol and pdyhydric alcohois such as glycerol, 
trimcthyloipropane and perteerythritd are also suitable for preparing polyesters. 

20 The esterification reaction of the invention can be caried out using any 

appropriate, known technique for an esterification reaction. 

A typical process for the prep^Btion of polyethylene terephthalate 
comprises two stages. In the first stage ter^hthafic add or dimethyl 
terephthalate is reacted with 1,2'ethanediol to form a prepolymer and the 

25 by-product water or m^hanol is removed. The prepolymer is subsequently 
heated h a second stage to remove 1^-ethanedk3l and form a long chain 
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polymer. Either or both tiese stages may comprise an estefification process 
accordtfig to tfits invenfion. 

In direct esterificafion the actd or anhydride arrd an excess of alcohol are 
typjcatty heated, rf ne ces sa ry in a solvent, in the presence of fhe catatysL Wista* 
5 is a by-pro(^ of the reaction and this is removed, as an azeotrope with a 
boOcrg mixture of solvent and/or alcohol. GeneraRy, the solv^ and/or alcohol 
mixture which is condensed is ImmtscitMe with water which is therefore 
separated before solvere and/or alcohol are r^umed to the reaction vessel. 
When reaction is complete the excess alcohol and, when used, soh^ent are 
10 evaporated. In view of the fact that the c a taly sts of the invenSon do not normaRy 
form insoluble species, a is not generally necessary to remove them from the 
reaction mixtiffe. as is frequently necessary with conventional c ata ly sts . A typical 
direa esterification reaaion is the preparation of bis(2-ethytiexyl) phthalale 
which Is prepared by rroxiig phth^lc anhycfride and 2-ethy! hexanoL An initial 
15 reaction to form a monoester is fast but the subsequem corrversion of the 
monoester to diester is caned out by refhixrig in the presence of the catalyst at 
a temperature of 180-290"C untfl all the water has been renxyved. Sutjsequentiy 
the excess alcohol is renwved. 

In an alcoholysis reaction, the ester, first alcohol and catalyst are rraxed 
20 a^* generally, the procuct ^cohd (second alcohol) is removed by distaaiion 
often as an azeotrope wih the ester. Fre^iently it \s necessary to fraction^ 
the vapour mature produced from the alcoholysis in order to ensure that the 
second alcohol is separated effectively wAhait signcficant loss of product ester 
or first alcohol. The ooncfitions ixider which alcohoiyas reacfioris are carried out 
25 depend prindpalfy upon the components of the reaction and generally 
conponerrts are heated to the boilaig point of the mbcture used. 
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A prefBiTed process of Ihe invention is fie preparation of poiyettiytene 
terepW^ate. A typical batch production of poly^hylene terepht^ 
out by charging terephlhafic add and ethylene glycol to a reactor along with 
catalyst if desired and heating the contents to 260 - 270*0 under a pressm of 
5 about 0.3 ^^a. Reacfion commences as the add dissolves at about 230*C and 
water is removed. The product is transferred to a second autodave reactor aid 
cata*yst is added, if needed. The reaaor is heated to 285 - 310*C under an 
eventual vacuum of 100 Pa to remove ethylene glycd by-producL The molten 
product ester is discharged from the reactor, coded and chipped. The dipped 

10 polyestET may be then subyected to soid state polymerisation, if appropriate. 

The amou nt of catalyst used in the esterificatfon process of the invention 
gener^ depends upon tf>e titanium, zirconium or aluminium content, expressed 
as Ti, Zr or Al, of the catalysL Usually the amount is from 30 to 1000 parts per 
mition (ppm) of metal on weight of product ester for direct or transesterificalion 

15 reactions. Prefer^ty, tie amount is from 30 to 450 ppm of metal on wei^ of 
prockxt ester and more prdierabiy 50 to 450 ppm of metal on wei^ of proAjct 
ester, tn poiyesterificatior reactions the amount used is generally expressed as 
a proportion of the weight of product polyester and is usuafly frxsm 5 to 500 ppm 
expressed as Ti, Zr or Ai based on product polyester. Pr^ierably the amount is 

20 from 5 to 100 ppm expressed as Ti.Zr or AI based on product polyester. 

The products of this invention have been shown to be effective catalysts 
for producing esters and polyesters at an economical rate without leading to 
haze ffi the final product and with a reduced amount of yeliowtog of polyesters in 
companscn to known catalysts. They have also been shown to be stable agahst 

25 precptation from pdyester products when aqueous base or phosphoric add is 
added to such products. 
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The invention is iustrated by the fbOcwing examples. 

Prenaiation of Compounds far use as Catatysts 

Ethylene glycol (496.0 g. 8.00 moles} was added from a dropping funnel 
5 to stsnred titanium n-butaxide (340 g, 1.00 mole) in a 1 itre fishbowt flask fitted 
with snirer, condenser and thermometer. An aqueous sohition of socSum 
hydroxide, containing 32% MaOH by weight (125 g, 1.00 mote) was added to 
the reaction flask skTwty with mixing to yiekj a dear pele yeflow lk|Uid. To this 
liquid was then add^ a polyethylene glycol phosphate having a cartx>n chain 
10 ten^ of 12 cart>on atoms and ava9able commerdafiy under the trade name 
Knapsack 194. (215.8 g, 0.55 mole of phosphoots) and the resulting nuxture 
was stirred for 1 hour to produce a pale yeflow liquid with a Ti content of 4.07% 
byweqht. 

15 The method of Exanple 1 was repeated with the difference that 0.28 

mote based on phosphorus (1075 g) Kn^)sack 194 was added. The product 
was a pale yelkTw liqukj wdh a Ti content of 4.49% by weight 
EXAMPLES 

The method of Example 1 was repeated but 0.50 mole, based on 
20 phosphorus (91.0 g) commercial butyl acki phosphate (rradure of mono- and 
di-butyl acid phosphates) was used in place of the Kn^>sack 194. The prockjct 
was a pale yeflow liquid wi&i a Ti content of 4.56% by waght 
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Th method of Example 3 was repeated except ttat the amount of txjtyl 
acid phosphate used viras 1.00 mole based on phosphorus (1S2.0 g). The 
product was a pale yeBow iquid wHh a Ti oonterrt of 4 20% by weight 

The method of Example 1 was r^)eated but 0.64 mote based on 
phosphorus (431 .6g) of an aryl polyettiyteie gfycd phosphate, sold 
commerdally \s)der the trade name Knapsack 123 was used in place of the 
Knapsack 194. The product was a pale yelow iqiAd with a Ti content of 3.45% 

10 *5y^^««9ht- 

The method of Example 5 was repeated except that the amount of 
Knapsack 123 used was 0.32 mole based on phosphooiS (215.8 g). The product 
was a pale ye&7wltqukj wdh a Tt cont^ of 4.08% by wei^. 
15 EXWtf 7 

Ethytene glycol (248.0 g, 4.0 moies) was added dropwise to stired 
titaniun isopropoxide (142 g. 0.5 moles) in a 1 litre fishbowl flask fitted with a 
stin^. thermometer arxl condenser. Aqueous potassium lactate (60% by weight, 
213.5 g, 1.0 moie) was added from a dropping funnel to the dear sokition which 
20 was then he^ to 6? C under vacuum and volatile solvents were removed to 
yieW a dear, pale yellow iiqukJ. A portion (82.19 g, 0.1 mote Ti) was weighed into 
a 250 ml conical flask and commercial butyl ackS phosphate (9.1 g, 0.05 moles 
based on phosphoais) was added from a dropping'hwiel virtth stirring. The final 
product was a dear, pale yeiow liquid (Ti content 5.26% by weight). 
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EXAMPLES 

Ethytene glycol (4S.6 g, 0^ motes) was added by topping ftffDd to 
stored titaiium n-butoxkte (34.0 g, 0.1 mote) in a 250 rrt conical fiasie An 
aqueous sohitkxi of sodkm hydroxide containing 32% NaOH by wei^ (12.5 g. 
5 0.1 mote) was added foBowed by a polyethytene gtycol phosphate havtig a 
carbon chain tength of 12 and avaiabte commeraaily under the trade name 
Knapsack 122 (32.3 g. 0.05 motes based on phosphorus). The resulting product 
was a white soGd having a Ti content of 3.74% by weight 

10 Ethylene glycol (49.6 g, OB mote) was added by dropping fismel to 

st^ titanium n-butoxkte (34.0 g, 0.1 mote) in a 250 rrt conical Sask, An 
aqueous scAutJon of socii^n hydroxkte containing 32% NaOH by wei^ (12.5 g, 
0.1 mote) was added foflowed by (Sxityl phosphate (10.5 g, 0.05 mote). The 
resulting product was a hazy liqukl havwig a measured Ti content of 4.56% by 

15 weight 

EXAMPLE 10 

Monoethylene glycol (49.6 g, 0.8 mote) was added by dropping fume! to 
stirred condensed titanii^n alkoxkle known as polybutyl titanate (Tikxam* PBT) 
(Ti comertt 20.0% by wt) (24^ g, 0.10 moles Ti) in a 250 ml coracal ftask. An 
20 aqueous sdutten of sodium hydroxkJe containing 32% NaOH by weight (12.5 g, 
0.1 mote) was added fbfiowed by a commercial butyl phosphate (9.1 g. O.OSmote 
based on phosphorus). Tne resufting product was a white sofid havmg a Ti 
content of 5.03% by weigW. 
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EXAMPLE 11 

Dtethytene glycol (848 g, 8.0 moles) was added by dropprng funnei to 
stirred zinnnkjm n-propcsode (TlcorTt* NPZ) (445 g, 1.0 moie Zr) in a 2 ritre4ask. 
A portion of this solution (129.3 g, 0.1 moles Zr) was weighed ffito a 250 ml 
5 conicai fiask and an aqueois solution cording 45% cnoGne rrydroxide by 
weight (13.45 g, 0.05 moles) was added foBowed by a commercal butyl 
phosphate (9.1 g. 0.05 moles based on phosphorus). The resdtBig product was 
a dear yeltow solution raving a Zr content of 6.01% by weig^ 
EXA¥Ptf 12 

10 Diethylene glycol (84.8 g, 0.8 mole) was added by dropping funnel to 

stirred aiumff^ium sec-btloxide (24.6 g, 0.1 mde) in a 250 rri conical fiask. An 
aqueous sotutnn of sodum hydroxkle centring 32% NaOH by weight (12.5 g, 
0.1 moie) was added foUcwed by a conrvneroal butyl phospfate (9.1 g, O.OSmole 
based on phosphorus). The resulting product was a dear soTxl gel having Al 

15 content of 2.06% by wei^rt. 
EXAMPLg 13 

Ethylene glycol (24.8 g, 0.4 mole) was added by dropphg funnel to 
stirred titanium n-butoxxle (34.0 g, 0.1 mde) in a 250 mi conical flask. An 
aqueous solution contaning 45% by weight of choiir>e hycfroxkte (26.93 g, 
20 O.lmde) was added foScwed by a commerdaf butyl phosphate (182 g, 0.1 mole 
based on phosphorus). The resulting product was a dear pale yellow iquid 
having a Ti corrtent of 4.62% by weight 
EXAMPI^14 

Ethylene glycol (992 g, 1.6 mole) was added (kopfyng fimnei to 
25 stirred titaiium n-butoxkle (68.1 g, 0.2 mole) in a 250 mi conical flask. An 
aqueous solution of sodium hydroxkle containing 32% by weight NaOH (25.0 g. 
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0J2 mote) was added folowed by commerdal butyl phosphate (182 g. 0.1 mole). 
The resulting dear liquid product was transferred to a 500 mi rotary evaporatcM' 
flask and solvents were removed under vacutOT) atSS^Ctoyidd a hazyix^ 
having a Ti content of 10.54% by wei^ 

5 EaterifiLjaon 
EXAMP1-gl$ 

The products of Examples 1. 3, 5 and 7 were tested at a conc^itration of 
170 pom Ti as cataiysts for the preparation of bts{2-^hyihexyl phthaiate). 
Titarurt tetraHSopropoxide !Ti(OPiOJ was used as a comparative catalyst 

10 The apparatus was a 1-itre, 4-r>ected round-bottomed flask fitted wtth a 

thermometer, ni>ber se^ a tube capping bekyw the surface of the reactants and 
a Dean and Stark apparams. The equipment was operated under reduced 
pressire using an oil vacuum punr^) connected to two water condensers fitted 
above the Dean and Stark apparatus. The dip tube n the flask was connected 

15 to a supply of oxygen-free nftrogen. This provkled a nitrogen bleed to aid the 
remcvaJ of water durrtg the reaction. 

1.0 mole (148 g) phttialic anhydrkie was added to 2.42 motes (315 g) 
2-ethyihexanol. The mixture was healed to dissolve the phthalk: anhydnde and 
the rutrogen fksw started. 

20 A weighed amount of catalyst was added to the reactk>n flask ffi a 

porceeain boat before heatmg the mixture, except for TKOPrO* whkrfi was added 
as a sokitxHi in 2-ethytiexaml via the nibber seal wfth a syringe, bekw the 
surfiace of the reactants. The rBactx)n mixtif e was heated to and maintained at 
a vigorous reflux at 200*C by suftable ac^istn^ of 9» heatvig rate and 

25 vaoun. The water produced was removed sitetanfiaiy as quickty as it was 
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forTT>ed and cottected in fhe Dean and Stark appaatus. 

The progress cff the reaction was foHowed wi&icramng 5an^>ies at 
interval by meais of a syringe fSted with a 30 om needle nserted tttrough the 
rubber seal. Each sample was added to a known wei^ (approximately 100 g) 
5 of cold alcohol to quench the reaction, weighed and trtrafeed against standard 
potassum hydroxide scfajtlon h ethanol using bnxnophenoc blue as indicabra'. 
The results were used to calculate the amount of unreactBd half-ester present 

The reaction was continued for a tcdal of 160 minutes. 

The results are gven in Table 1 below: 
10 TABUgl 



Catalyst 


Product 


Product 


% i 




Colotff' 


Clarity 


Conversion | 


T<OPr*), 


85 


Hazy 


99.95 

{ 
t 


Example 1 


i 70 

i 


Clea- 


98.59 


Example 3 


60 


Gear 


96.43 


Exsnpie 5 


1 70 

f 
j 


Clear 


97.64 


j Example? 


i 80 


Clear 


93.54 



' Hazen units. Colour of final reaction mbdure. 



The products of Examples 3, 5 and 8 to 14 were tested at a 
conceriration of 164 ppm Ti or Al or 340 ppm Zr based on reactants as catalysts 
i 5 for the preparation of monoethyleneglyool benzoate. Tianium isopropoxide 
[T<(O^J and antimony oxtdSwere used as comparative examp^. 

The apparatus was a 1-litre, 4-neclced round bottom flask fitted with 
thennom^er, rubt>er seal, dip tube below the surtaoe of reactants and Dean and 
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Stark apparatus. A ^ass column (30 cm) contaning glass beads was attached 
between th reaction fiask and Dean axi St^ ^>paatus. The equipment was 
oper^ed under vacuum using an oi vacuum purr^ comeded to a w^ 
condenser above the Dean and Stark apparatus. The <fip tube was connected to 

5 a supply of oxygen-free nitrogen and provided a nitrogen bleed to aid the 
removai of water during t% reaction. 

0.5 mole (61.08 g) benzoic add was added to 10 motes (620 g) 
monoethytene glycol. The excess of glycoi was used to prevent benzoic add 
subTtmatksn and to miramise polycmdensafion reactions. The catalysts wm 

iO added as solutions or suspensioris od the monoethyienegtyod to ensure good 
dispersion. The mixtue was heated to dissolve the benzoic acid and tfie 
nitrogen flow started. Tne temperature was raised to 180' C and after 5 minutes 
a slight vacuum was appied and the temperature raised to 200^ C. DistUation of 
the w3Ter/rTK)r)oethyter« glycol commenced at about 150^ C and the reactiors 

15 were n^aintained at a vigorous reflux at 190 to 193** C by sizable adjustment of 
healing rate artd vacuum. The water produced was removed with 
monoethyter)egtycol and collected via the Dean and Stark apparatus. 

Process of the reaction was fo&owed by wtthcrawing samples at 
intervals by meere of a syringe fitted wHh a 30 cm neecfle inserted through the 

20 rubba- seal. Each sample was added to a known weight (a^jproximately 100 g) 
of cdc alcohol to quench the reaction, weig^ and titrated agavist standard 
potassiimi hydroxkie soiutiOT in ethand using bromophenoi blue as indtoator. 
The resiits of add value (AV) were used to calculate the percentage conversion 
to benzoata ester. The reactions were each monitored for a total of 180 minutes. 

25 The resutts are given in Table 2 betow. 
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JABi£2 



Catalyst 


% Conversion 


Ester 




SOmin. 


120 min. 


150 min. 


180 min. 


Colour 


Sb oxide* 


46.09 


53.05 


61.05 


66.16 


pale yellow 


Tl(OPa 


70.63 


81.84 


99.67 


99.39 


coiouriess 


Examples 


92.83 


98.59 


99.39 


99.53 


coioLuless 


Exampte 9 


96.60 


99J27 


99.62 


99.61 


colourless 


Example 10 


94.91 


97.42 


98.03 


98.52 


colourless 


Example 11 


45.93 


50.40 


50.97 


54.60 


whrte/doudy 


Example 12 


32.09 


38.50 


44.50 


50.44 


wtifte/doudy 


Example 13 


97.61 


! 98.43 


99.76 


99.87 


coiourtess 


Example 14 


95.75 


1 98.27 


99.48 


99.66 


colourtess 


Example 5 


97^ 


• 97.54 


98.04 


• 99.60 


coiotfftess 


Examples 


98.56 


99.01 


99.10 


99.78 


colourless 



* Amspec Select Antimony Oxide (3%wtrwt monoettrytene glycol) at 1 64 ppm Sb. 



After the reaction tesk had cooled, a sample was removed for gas 
chrcxratographic (GO) a-^sis. tt was found that different catalysts produced 
5 varyff^g proportions of tne products. The products formed were ethyleneg»ycoI 
monobenzoate (EGMB), eihytenegiycoi dS>enzoate (EG06). diethytenegtycol 
(DEG). (fiethylenegtycoi mond)enzoate (DEGMB) and diethylene glycol 
dibenzoate (DEGD6). The proportions (by area % from GC) are reported in 
Table 3. 



wo 99/28033 



PCT/GB9M9448 



18 



Catalyst 


EGMB 


EGDB 


DEG 


1 OEGUB 


DEGDB 


Sb oxide' 


6.67 


0.72 


0.48 


2.75 


- 


TKOfV), 


1.71 


17.26 


0.46 


0.47 


3.95 


Exair^e 8 


1.93 


12.89 


ca0.04 


0.08 


0.71 


Example 9 


1.94 


12.88 


ca0.04 


0.24 


0.48 


Exampte 10 


1.98 


14.58 


ca0.08 


0.26 


0.30 


Example 11 


1.38 


3J3 


0.53 


0.45 


2.36 


Exampte 12* 


0.91 


4.01 


0.70 


0.41 


1.39 


Exampte 13* 


2.16 


15.62 


0.15 


027 


0.77 


Ex^npte 14 


1.79 


1957 


ca0.07 


0.30 


051 ! 


Example 5 


3.02 


25.60 


0.28 


0.24 


1.28 


ExanpleS 


2.61 


19.10 


0.1 


0.21 


051 



* Amspec Seiect Antimony QxkJe (3%wVvift monoethyl»)e glycoO ^ 164 ppm Sb. 



'Analysis of supernatant fiquor. 

The results denxxistrate that the catatysts of the inverrtion are dfecave 
5 for the estertficatjon reaction of benzoate esters and produce products with 
lower ieveis of DEG l>y-product than antffnony oxide or conventiortal titanium 
catalysts. 
EXAMPUn 

A polycondensadon reaction was caried out m a mechanicaily-stirred 
10 300 ml glass vessel fitted with side ami and cold trap for coBection of 
monoethytenegiycol. A thermostaticatty controtted ceranic heating dement was 
used to provide heat and an oil vacuum pump was conriected to the odd trap. A 
nitrogen blanket was provided via a connection to the cold trap. 
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Polyethytene tere p hthaiate was prepared from 
(hydroxyethyl)terephthai3te polymer precursors suppied by \Cl Polyesters. Two 
sampies were used; sample A was a short chain polymer co n t aini ng 
approodmatety 4 ethylene terephthatate repeating units whist sample B was 

5 technicafly pure bis(hydroxyefhyl)terephthal^. Sanple A also contained 
approximatefy 5 moi% acid end groups. 

100 g of (hydroBcy)te r e ph th a tate polymer precursor was placed in the 
reaction flask under a nfeogen fksw, fofiow^ by a cBute solution of catalyst (Ti 
added at 30 ppm) in monoethyleneglycol. This was he^ed wdh stirring to 250° C 

10 for 20-25 mffujtes at which point a st^Ttser (phosphoric acid. 100 ppm) and 
co/bstt acetate tetrahytirate (250 ppm) were added, again as solutions m 
monoethyteneglycoi. The nitrogen flow was stopped and vacuum appfied 
steadiy to 100 Pa. After 20-25 rrsnutes ttie temperature was ricreased steadiy 
from 250^ C to 290^ C. Tne owfer consurr^tion of the electrica stirrer increased 

15 with the viscosity of the polymer and the stirrer revolutions dropped. The 
revolutions were monitored unt3 a pred^^rraned v^ue for the per^>herai speed 
of the agitator tip (15krr;h) was reached at which point the vacuum was broicen 
with nrtrogen and the molten polymer discharged and quenched into cold water. 
It was then dried for 10-14 hours at 50** C in a vacuum oven. 

20 The colour of the polymer was measured using a Cotorgo'd System 

2000 Coiorin>eter. Common models to use for colour expression are the Hunter 
Lh, ah and bh or Cielab L*, a* and b* scales where the b-value in both desai)e 
yellowness. The yellowness of the polymer increases with b-value. 

The polymer molecular weigWs were measured by Gel Penneation 

25 Chro matograp hy (GPC). 

The results are given in T^le 4. 
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TAgLg4 



Cstaiyst 


Monomer 


Reaction 


Colour 


Colour 


Moleo^ 




Sample 


Twne 


(b* value) 


(bh value) 


Weight 






(Mrxites) 






(Mn) 


Sboxkje' 


A 


195 


6 


5.32 


19.330 




A 


110 


6.7 


5^37 


16;290 


Exanpie 5 


A 


140 


3.39 


2.78 


11.480 


Example 3 


A 


145 


3.34 


2.57 


14.130 


Sb oxide* 


B 


i 135 


0.71 


0.56 


19.550 


Ti(OPf), 


B 




9.06 


6.67 


15,190 


Example 5 


B 


80 


5.93 


4.63 


12.770 


Example 3 


j B 


100 


4.05 


2.9 


15.420 


Example 10 


1 B 


100 


8.65 


6.30 


NA 


Exampto 13 


1 B 


95 


4.47 


3.56 


NA 



'Antvnony oxide Catalyst Grade from SiCA added at 250 ppm Sb. 



NA - not avaiable. 

These results incscate that the catalysts of the invention are active for the 
5 preparation potyethytene terephthaiate amdi are capable of producing polymer 
with lower ye^owness values than conventoiat titaQiunv4>ased catalysts. 
gXAMPLEIS 

It has been posbiated that one mech^iism causing discolouration when 
titanKjm catalysts are used to prepare polyethylene terephthdale is interaction of 
10 the catalyst with a them^ decomposition product of polyethylene terephthaiate. 
Catalysts of Examples 1 to 7 were assessed by mixing vrith one 
decomposition product cfi^hykftiydroxy terephthal^ (DEDHT) in toluene. The 
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Standard catalyst titanium tetra-feopropoxkte rTKOfVjJ was used for 
compfflison and was added to 0.4 g DEDHT in 10 m( tduene. The catalysts of 
Examples 1 to 7 were added to DEDHT/tokiene soluten of a simiar 
concentration ii an amount sufficient to produce the same Ti concentraticffi in 
5 the mb(ture and the coiour of each of the mbdures was de Uaiii > ed uskig a LICO 
200 spectrophotometer r) 11 ml ^ass cuv^tes. The results are given tn Table 5. 





Coiour 
(Gardner units) 


F4one 


6 


Tl(OPr), 


11.9 


Exantple 1 


6 


Example2 


8.5 


Examples 


5.5 




5.5 


Examples 


5.5 


Examplee 


8.5 


Exampier 


7 
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CUMMS 

1 . An organomet^ compound suitable for use as a catalyst for the 
preparation of an ester co mp ri si ng the reaction procftjct of an orthoesler or 
condensed orthoester of ttankim, zirconium or aluminium, an aioohoi contaning 

5 at least two hydroxyl groups, ai organophosphorus compound containing at 
least one P-OH group and a base. 

2. An organom^ic oxnpound according to daim 1 comprising the 
reaction product of an orlhoester or condensed orttioester of titanum, zffconium 
or abminhim, an aicohot containing at least two hydroxyl groups, an 

to organophosphorus compound containir)g at least one POH group, a base and a 
2-hy<koxy cartx>xylic acid. 

3. An organometaflic compound acconSng to dsm 2 characterised in 
that the 2-hydrDxy add is lacte add, dtric add, mafic add or t^taric acid. 

4. An org9x>met^ compound according to any one of the preceding 
15 daims characterised in that the orthoester has tie fonruta M(OR)4 or A1(0R)3 

where M is titanium or zirconium and R is si ^kyi g-oup containing from 1 to 6 
cartoon atoms. 

5. An organometaffic compound aocordrtg to any one of daims 1, 2 and 
3 characterised in that the corxJensed orthoester has a stnjcture which can be 

20 represented by the forrnia, R'0{M(0R')20y?' where M is titaniun or zirconium, 
is ^ alkyt group containing 1 to 6 carbon atoms and n is less than 20. 

6. An organomeCafiic compound accontng to any one of the preceding 
daims characterised in &iat the dcohd contaning at least two hydroxy) gmtffs 
is 1,2-^haie(fiol, 1 ^-propanediol, 1,3-propane«fiol, 1,4^)utane<Sol, 2-methyf- 

25 2.4-pentanecfiol, diethyterie giycot, polyethylene giycd, glyoerd, trimethyloi- 
propane or pentaerythrftd. 
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7. An organomesafiic compound accorcfing to any one of the prececfing 
claims charactensed r that the reaction product is prepared by reacting a 
dthydricalcohd with an orthoester or condensed orthoester in a ratio 0^ 1 to 
16 moies of dthydric aJoohol to each mole of titanium, zirconiiOTi or alumntunrt 
/ 5 8. An organomeWic conr^xnjnd according to any one of the precedingX 

/ datms characterised in Tiat the organophosphofus compouruj is a phosphate, a 
I pyrophosphate, a phosphonate, a phosphtn^ or a phosphite. 

9. An organomdaTc corrpound according to any one of the p 
datms characterised ff) 9iat the organophosphonjs compound is a sid>stituted or 

10 unsubstauted aikyi phosphate, a substituted or unsubstituted aryi phosphate or a 
phosphate of ^ aticylaol giycol ether or an aikyl gtycoi ether. 

10. An orgarK3metaliic conpound according to. any one of the precedir}g 
daffTS charactensed r. that the organophospiX)rus compouxJ is an aficyi 
phosphate in which the organic group contains up to 20 cartxsn atoms. 

15 11. An organon^atiic compound accordtr>g to any one of dainris 1 to 9 

charadehsed ffi that the organophosphorus compound is a phosphate of an 
aikyi^y! g^coi etiier or an aikyI glycol ether having a cartxxi chain ler>gth up to 
18 canxKi atoms. 

1 2. An organometalfic compound according to any one of the preceding 
20 claims charactensed in that the organophosphonjs compound is present in an 

amouTt in the range 0.1 to 4.0 mole of phosphorus to 1 mole of titanium, 
zirconium or ahiminium. 

13. An organometafiic oompowid according to any one of the preceding 
dainrs charactensed in tfiat the base is present tn an amount in the range 0.1 to 

25 4.0 mde of base to 1 moie of titannmi, zirconium or ^uminium. 
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14. An organometaffic compourxJ accooft^ 

characterised in that the 2-riyclroxy acid is present in an amount in the range 0,5 
to 4 mole ac^ to 1 rrale of fianum, zirconim 

15. A process fcr the preparatk)n of an est^ compiising c^ry^ 

5 estertfcation r»ction in the presence of a cataiyst comprising fiie reaction 
product of an orthoester or conderrsed orthoe^ of titanium, zirconium or 
aiumtnium, alcohol containing at least two hydroxyl groups, an 
organophosphorus compound containing at least one P-OH group and a base. 

16. A process according to dakn 15 characterised In that the 
10 estef%:at)on reaction comprises reaction of an alcohoi with stearic add, 

tsostearic add. capric add. caprotc add, palmitic add, oleic add. palmitdeic 
add, triacontanoic add. benzoic add, methyl benzoic add, salicyfic add, a rosin 
add, abietic add, phthadc add, isophth^ add, terephthalc add, sebadc add, 
adipic add, azdatc add^ succinic add, fumaric add, maieic add, naphthalene 
15 dic3rt>oxytic add, pamoic add. trimeilttic add, citric ada, trimesic add or 
pyromeOitic add. 

17. A process accorcJing to daim 15 characterised in that the 
esterification reaction comprises reaction of an aicohol with an sthydride of a 
dicsffboxytic add or a tricarboxylic add. 

20 A process acoorcfing to davn 15 characterised n that the 

est e rific a t i on reaction oorr^xises reaction of a methyl ester, an ethyl ester or a 
propyl ester of acrylic add or methacrylic add with an aicohoL 

19. A pnxess according to dam 15 charadoised ffi that the 
esterification reaction comprises reaction of two esters to produce two different 

25 esters t>y exchange of aHcoxygroi4>s. 
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20. A process acconSng to daim 15 ch ar acte ris e d in that the 
e ste ftfic a tion reaction comivises a poiyestenficaiion comprising the reaction of 
terephlhaitc add, dimethyl toephthalate or naphthalene dcartxncylic add wih 
l^-ethanedid, 1,4-btAanedk)l, I^S-propaneefiol, 1,6-hexanecSot, trim^hyid- 

5 pnopa)e or pOTtaerythrioL 

21. A process according to any one of daons 15 to 19 characterised in 
that the catalyst is presert in an ancxmt in the rsige 30 to 1000 parts per mfion 
calcuiated as parts by weight titardum, zirconium or aiuminun with respect to 
wei^ 0^ product est^. 

10 22. A pnxess accorcfing to daim 15 or 21 chaacterised in that ttie 

esterifcation reaction is a pdyesterification and the catalyst is present In an 
amoimt in the range 5 to 500 parts per mffion calculated as parts by weight 
titankim, zirconium or afemiinium with respect to weight of product polyester. 
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